Caspase-8, a cysteine-protease, initiates apoptosis when activated by death receptors. Caspase-8 is also essential for initiating T lymphocyte proliferation following T-cell antigen receptor (TCR) signaling. Given these disparate functions of caspase-8, we sought to determine whether this represented only a difference in the magnitude of caspase-8 activation, or different intracellular locations of active caspase-8. We demonstrate by high-resolution multicolor confocal laser scanning microscopy an aggregation of active caspase-8 within membrane lipid rafts in T cells stimulated with anti-CD3. This suggests that following TCR stimulation active caspase-8 physically interacts with lipid raft proteins, possibly to form a signaling platform. In contrast, Fas stimulation of T cells resulted in a much more profound activation of caspase-8 that was exclusively cytosolic. These confocal microscopic findings were confirmed using discontinuous sucrose gradient ultracentrifugation to isolate lipid raft versus cytosolic components. This sequestration model of caspase-8 activation was further supported by the observation that a classic caspase-8 substrate, BID, was not cleaved in CD3-stimulated T cells, but was cleaved after Fas engagement. Our data support a model that the location of active caspase-8 may profoundly influence its functional capacity as a regulator of either cell cycling or cell death.
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The structural parameters of caspase-8 activation by engagement of death receptors, and the subsequent signaling cascade, have been well characterized. 8 The commonly accepted 'induced-proximity model' proposes an oligomerization of death receptors upon triggering with appropriate ligands, which allows recruitment of the adapter molecule FADD by their mutual death domains. As a signaling scaffold FADD subsequently attracts procaspase-8 by their common death effector domains, which allows a clustering of the inactive procaspase-8 to form the death-inducing signaling complex (DISC). 9 DISC formation leads to an autoproteolytic cleavage of procaspase-8 and a rearrangement of the cleaved domains to form the fully active, heterotetrameric caspase-8. 10 Recent findings indicate an entirely separate function for caspase-8 in T lymphocyte activation. Humans lacking functional caspase-8 develop an immunodeficiency syndrome characterized by a decreased proliferative capacity of T cells. 11 A deficiency of caspase-8 in murine T cells also diminishes their capacity to proliferate. 12 This was accompanied by decreased NF-kB activity and IL-2 production following T-cell antigen receptor (TCR) ligation, 11 thus making caspase-8 indispensable for lymphocyte proliferation.
Lipid rafts, cholesterol-, and sphingolipid-rich plasma membrane domains, orchestrate protein trafficking, and potentiate intracellular signaling. 13, 14 In the context of lymphocyte signaling, lipid rafts have been suggested to assemble as platforms for the regulation and transduction of TCR signals at the plasma membrane. 15 However, the concept of intracellular protein associations being regulated by membrane-microdomain-associated clusters constitutes a spatial model for the regulation of cell signaling. 16 We recently reported, using discontinuous sucrose gradient ultracentrifugation analysis, that although essentially all caspase-8 in resting T cells was inactive and localized in the non-raft cytosol, within 30 min of T-cell activation, a small amount of total caspase-8 became active and appeared only in the lipid raft fraction. 17 These findings suggested that spatially concentrating active caspase-8 in lipid rafts was not only important for T-cell activation, but also confining it to this region might be critical in preventing active caspase-8 from accessing substrates that might promote cell death. However, the definition of lipid rafts as a detergent-resistant membrane fraction remains controversial because the purification process has the possibility of creating detergent-induced artifacts, and therefore may not indicate the true state of proteins and lipids in native membranes. 18 This biochemical approach also lacked the ability to analyze individual cells. Direct imaging of individual lipid rafts in their cellular context presents its own challenges. Lipid rafts lack clear morphological features, and their putative size ranges below the resolution of commonly used optical microscopes, hence necessitating the use of fluorescent-labeled proteins associated with lipid rafts, such as monosialotetra-hexosylgangliosid (GM1) and glycosylphosphatidyl-inositol (GPI)-anchored proteins. 19 Given the seemingly paradoxical involvement of caspase-8 in T-cell growth and death, and the inherent technical concern with biochemical lipid raft fractionation, we therefore sought to investigate the kinetics and spatial patterns of caspase-8 activation following TCR stimulation versus Fas (CD95)-mediated apoptosis using confocal laser scanning microscopy (CLSM). To identify lipid rafts we used Jurkat T lymphocytes expressing enhanced GFP fused to the minimal membrane-anchoring sequence of the tyrosine kinase Lck (Jurkat L 10 -GFP). 20 Here we demonstrate by high-resolution multicolor CLSM the rapid appearance of active caspase-8 in discrete small foci within membrane lipid rafts of T cells following CD3 stimulation. In contrast, Fas stimulation of T cells resulted in a much more profound activation of caspase-8 that was exclusively cytosolic. These results were substantiated using traditional discontinuous sucrose gradient ultracentrifugation to isolate lipid raft versus cytosolic components. The findings suggest that active caspase-8 is sequestered in different cellular compartments following activation for proliferation versus apoptosis, which may profoundly alter access to caspase-8 substrates.
Results
Active caspase-8 localizes to distinct cellular regions upon TCR versus Fas stimulation. Caspase-8 is activated and required in T cells following either TCR stimulation or Fas engagement, yet the outcome is proliferation in the former and cell death in the latter. The total amount of caspase-8 does not change during the transition of T lymphocytes from a resting to a proliferating state. 21, 22 However, in contrast to freshly isolated T cells, a small fraction of total caspase-8 becomes active in effector T cells, and this is critical for their initiation of proliferation. 17 These findings lead to the hypothesis that depending on the involved receptor, caspase-8 is activated to different degrees, in different cellular locations, and that after TCR engagement active caspase-8 interacts with lipid raft molecules to serve as a signal platform. We thus designed an approach to visualize caspase-8 activation within individual cells following TCR versus Fas stimulation.
Initial experiments to visualize active caspase-8 by CSLM in lymphocytes utilized the wild-type A3 subclone of the human Jurkat T lymphocyte cell line. This subclone is sensitive to Fas-induced apoptosis, which generates high levels of active caspase-8. 23 The I9.2 cell line is a caspase-8-deficient mutant of the A3 Jurkat cell line, 24 and was used in these studies as a negative control for caspase-8 staining. Active caspase-8 detection by CLSM employed an affinity label methodology, initially using the caspase-8-preferred substrate leucineglutamic acid-threonine-aspartic acid (LETD) 25 linked to a fluoromethylketone (fmk) moiety, which reacts covalently with the catalytic cysteine residue in the active enzymatic center.
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A 6-carboxyfluorescein (FAM) group linked to LETD-fmk was used as a reporter. Nuclear morphology was evaluated by staining with Hoechst 33342. Figure 1 displays a stack of n optical slices (n ¼ 10-12, thickness 1 mm each) along the z axis (depth) in the sample. Unstimulated Jurkat T cells incubated with FAM-LETD-fmk generated no detectable fluorescence signal, indicating that levels of active caspase-8 were low to negligible in these cells (Figure 1a To quantify the frequency of cells bearing active caspase-8 following CD3 versus Fas stimulation for 60 min, a minimum of 200 individual cells was counted from at least three independent experiments (Figure 2 ). Caspase-8 activity in unstimulated cells was rarely detected. By contrast 26% ( ± 2.2) of CD3-stimulated cells exhibited detectable active caspase-8, whereas 65% ( ± 4.3) of Fas-stimulated cells scored positive for caspase-8 activation (Figure 2a) . As the microscopic samples were nuclear counterstained, a further evaluation of the levels of apoptosis was possible based on the amount of nuclear condensation and fragmentation. Anti-CD3-stimulated cells manifested no elevation of nuclear fragmentation. In contrast, 52% ( ± 6.5) of anti-Fas-treated cells scored as apoptotic based on nuclear fragmentation (Figure 2b ). The findings suggested that the location and level of active caspase-8 determines whether a cell initiates cell death.
The results of caspase-8 activity defined by confocal microscopy in individual cells were confirmed by enzymatic measurement of the individual activities of caspase-8 ( Figure 2c Colocalization of active caspase-8 with CD3 in lipid rafts. As TCR proteins associate in lipid rafts upon stimulation, 27 we examined whether the peripheral cellular pattern of active caspase-8 that we observed following TCR ligation represented localization to membrane lipid rafts. To define lipid rafts for CLSM we used Jurkat T cells stably Wild-type Jurkat A3
Wild-type Jurkat A3 Pearson's correlation coefficient r p (À1pr p p1) was used to measure the relatedness of two fluorescence channels, where valuesp0 indicate no relatedness, whereas values 40 indicate a relatedness between the two fluorescence channels. On the basis of positive correlation coefficient for all analyzed pairs of fluorescence channels, further calculations were permissible for colocalization coefficients, M x and M y , which express the contribution of each fluorescence channel to the pixels of interest. 29 Values of colocalization coefficients range between 0 and 1. A value of 0 indicates that none of the signal within thresholds in that channel colocalizes with the other channel. A value of 1 indicates that the entire signal within thresholds in that channel colocalizes with the other channel Spatial differences during caspase-8 activation A Koenig et al voxel (three-dimensional pixel) determines that these proteins are located in the same area or very near to each other. Two perfectly colocalized fluorescence signals, each displayed on separate x and y axes, will generate a scatter plot wherein the points fall in a line at 451 to either axis. In the situation of noncolocalized molecules, the resulting scatter plot reveals each color along its own axis, with no overlap at 451. Table 1 and demonstrate that a significant colocalization between active caspase-8 and lipid rafts exists only after CD3 stimulation.
Conceivably the strong cytosolic pattern of active caspase-8 observed with a particular dose of anti-Fas, examined at a particular time, may have obscured an additional membrane component of active caspase-8. We examined this possibility in two ways. First, the concentration of anti-Fas antibody was titered down and caspase-8 activation monitored at 90 min. Despite the fact that the proportion of cells bearing active caspase-8 decreased with lower anti-Fas concentrations, we were not able to observe a lipid raft colocalization of caspase-8 (Supplementary Figure S2) . Second, the concentration of anti-Fas antibody was kept constant and cells were analyzed at several early time points. After 10 min of stimulation active caspase-8 became detectable; however, at this and all later time points it was present only in the cytoplasm (Supplementary Figure S3) .
To examine the real-time kinetics of caspase-8 activation, live Jurkat T cells were observed at intervals of 1 min in an environmental chamber mounted on the CSLM ( Figure 5 ). Active caspase-8 became detectable as distinct patches in the membrane as early as 26 min after CD3 stimulation (Figure 5b ). This activation pattern remained stable for the 2 h duration of the recording (Figure 5d ). Of interest was that following Fas stimulation active caspase-8 was observed in distinct foci in the cytoplasm as early as 8 min (Figure 5f ), but at no time point did active caspase-8 colocalize with lipid rafts (see image sequences in Supplementary Figure S4 and S5) . Unstimulated cells did not show active caspase-8 at any time during the observation (data not shown).
In further studies, the site of the stimulating anti-CD3 or antiFas antibodies on the cell surface was determined by an additional staining using an Alexa633-conjugated secondary antibody ( Figure 6 ). Active caspase-8 staining was detected in close proximity to CD3 (Figure 6e ). Stimulating anti-Fas antibodies were also detectable on the cell surface, but due to the broadly cytoplasmic distribution of active caspase-8, Fas was not in proximity to active caspase-8 (Figure 6j ). Table 1 Table 1 anti-Fas for 90 min and then further incubated with biotin-VAD-fmk for an additional 15 min to selective label active caspases. Cells were lysed, fractionated by a discontinuous sucrose gradient ultracentrifugation, and lysates were collected as 12 1 ml fractions. Immunoblots of lipid rafts (fractions 3-5) and cytoplasm (fractions 9-11) revealed that a small proportion of cleaved p43caspase-8 was present in the lipid raft fraction 5 of unstimulated Jurkat cells. However, a much larger proportion of uncleaved caspase-8 was present in the cytosolic fraction (Figure 7a ). Following stimulation with anti-CD3, the amount of p43caspase-8 relative to full-length p55caspase-8 increased in the lipid raft fractions (Figure 7a and b). Intriguingly, p43caspase-8 disappeared from the lipid raft fractions after Fas stimulation, and became strongly present in cytosolic fraction 11, as was fully active proapoptotic p18caspase-8 ( Figure 7a ). Caspase-8 can also be active in its full-length form. 30 Thus, by standard immunoblot it is not possible to determine whether any full-length caspase-8 is active. Hence, to more accurately define active caspase-8 in this system, the lipid raft and cytosolic fractions were individually precipitated from biotin-VAD-fmk-labeled lysates using streptavidin-sepharose beads, and then immunoblotted for active caspase-8 ( Figure 7c) . A small amount of active caspase-8 was detected exclusively in the cytosol of unstimulated cells. In contrast, CD3 stimulation resulted in the appearance of active p55caspase-8 and p43caspase-8 in the lipid raft fraction, whereas Fas-stimulated cells displayed very high levels of active caspase-8 in the p55 and p43 forms, as well as fully cleaved p18caspase-8, exclusively in the cytoplasm. Additionally, the traditional cytosolic caspase-8 substrate BID was not cleaved in any fraction following CD3 stimulation, but was cleaved in the cytosolic fraction after Fas stimulation (Figure 7d) . A similar finding was also observed for another downstream caspase substrate, ICAD (Figure 7e) . Thus, the findings using biochemical lipid raft separation closely parallel the results with the confocal imaging of active caspase-8. 
Discussion
The current findings represent the first direct comparison of the distinct spatial differences of active caspase-8 in T cells following CD3 versus Fas stimulation using two independent methods. Extensive research on the plasma membrane of mammalian cells has demonstrated that it is not a uniform lipid bilayer, containing randomly distributed membrane, and associated proteins. 31 Instead, the plasma membrane is believed to contain organized structural microdomains termed lipid rafts that are enriched in cholesterol and glycosphingolipid, 13 and may serve as platforms that link activated receptors and signal transduction partners. 32 Several lines of evidence indicate that TCR stimulation of T cells is accompanied by lipid membrane remodeling and recruitment into the immunologic synapse. 27 The role of lipid rafts remains controversial, however, and it also has been suggested that they are randomly distributed during T-cell stimulation, and that the apparent enrichment of lipid rafts observed at the TCR contact site is the sole consequence of nonspecific membrane ruffling. 33 Nonetheless, CD3 stimulation of T lymphocytes leads to a clustering of kinase-rich lipid raft microdomains in which Lck colocalizes with GPI-linked proteins. 34 Consequently, we used two methods to investigate the spatial and kinetic differences of caspase-8 activation after TCR versus Fas stimulation.
By discontinuous sucrose gradient ultracentrifugation of lipid raft and cytosolic fractions, we previously observed in murine T cells evidence for limited activation of caspase-8 confined to lipid rafts, within 30 min of TCR stimulation. 17 However, those experiments were not capable of visualizing the kinetics and spatial arrangement of active caspase-8 at the single-cell level. Furthermore, there is not uniform agreement about what precisely is defined anatomically by the detergent insoluble (lipid raft) fraction of cells. Yet, the independent methodology of confocal microscopy is in close agreement with our earlier biochemical analysis of caspase-8 activation following TCR ligation. The current findings further extend our previous observations by showing that Fas 
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α-Fas α-CD3 Figure 7 Active caspase-8 is present in lipid rafts of Jurkat cell lysates following CD3 stimulation. Jurkat wild-type cells were unstimulated, CD3-stimulated, or Fasstimulated for 90 min, and further incubated with biotin-VAD-fluoromethylketone (10 mM) during the final 15 min. Lysates were subjected to ultracentrifugation on a discontinuous sucrose gradient and then immunoblotted with anti-caspase-8 antibody (a). Lanes marked 3-5 represent lipid raft fractions; lanes marked 9-11 represent cytosolic fractions. After CD3 stimulation, the amount of p43caspase-8 increased in the lipid raft fraction, whereas it decreased after Fas stimulation and, instead, became the dominant form in the cytoplasm (a). Densitometry confirmed that the ratio of p43caspase-8 to p55caspase-8 increased in the lipid raft fraction 5 only after CD3 stimulation, whereas Fas stimulation led to an increased ratio only in the cytosolic fraction (b). The remainder of the same samples as used in (a) was subjected to precipitation of active caspase-8 using avidin-sepharose. Precipitates were then immunoblotted for caspase-8. This revealed that active caspase-8 appeared in the lipid raft fraction of CD3-stimulated cells, but in Fas-stimulated cells appeared only in the cytoplasm, including the pro-apoptotic p18 fragment (c). Lipid raft and cytosolic fractions were immunoblotted for the caspase substrates BID (d) and ICAD (e). NS ¼ nonspecific band stimulation results in purely cytoplasmic active caspase-8. These results suggest a sequestration model in which TCRinduced caspase-8 activation occurs within a confined location of the cell membrane in proximity with the TCR/CD3 complex. This may serve to both limit caspase-8 activation as well as target it toward substrates associated with cell activation, and at the same time sequester active caspase-8 away from substrates that would promote cell death (e.g., BID). The use of Jurkat cells stably expressing a fluorescent lipid raft marker (L 10 -GFP) enabled the direct examination of lipid raft dynamics during T-cell responses without the use of cholera toxin or specific antibodies to lipid raft components. 35 Triggered TCRs associate within lipid rafts, and their crosslinking causes co-aggregation of raft-associated proteins, including the tyrosine-kinase Lck.
36 L 10 -GFP is derived from the membrane-anchor sequence of Lck, and, although it may also label a small portion of the nonlipid raft membrane fraction, the fusion protein efficiently targets lipid rafts and concentrates in this membrane fraction. 20, 34, 35, 37 Individual lipid rafts are too small to be defined by conventional microscopy, nevertheless this labeling has previously revealed that the basic raft units become large platforms that transport membrane proteins and signaling partners to specific cell sites during lymphocyte migration and activation. 38 In our experiments using CLSM we were for the first time able to visually demonstrate the differences in the level and location of caspase-8 activation after CD3-or Fas stimulation at the single-cell level.
Caspase-8 accomplishes two apparently paradoxical cellular functions: full-length functional active caspase-8 is crucial for induction of T lymphocyte proliferation, 39, 40 and yet caspase-8 is also an initiator of apoptosis. These seemingly opposite functions of caspase-8 demand a precise control mechanism. The sequestration model that caspase-8 is recruited to lipid rafts upon TCR activation is attractive, as the repertoire of caspase-8 substrates for growth versus death might be also spatially separated. The caspase-8 homologue and substrate, cFLIP, was also shown to be recruited to lipid rafts upon TCR ligation, and to be rapidly cleaved at its known caspase-8 cleavage site, Asp 376, to form p43FLIP only in lipid rafts. 17 This supports the view that active caspase-8 is enriched in lipid rafts following TCR ligation. By contrast, the cytosolic caspase-8 substrate, BID, was not cleaved following TCR stimulation, but only after Fas activation.
At present, it is not known how active caspase-8 is recruited to membrane lipid rafts. CARMA1, MALT1, and Bcl-10 serve adapter functions in TCR signaling, 41 and associate with each other to promote activation of the NF-kB pathway. These proteins also coprecipitated with active caspase-8 in proliferating murine effector T cells.
17 CARMA1 has been reported to associate with TCRs in lipid rafts after stimulation, which makes it a potential candidate to engage active caspase-8 and translocate it to the cellular membrane. supplemented with 10% fetal bovine serum (HyClone, Logan, UT, USA). Jurkat cell line L 10 -GFP, stably expressing a fusion protein of 10 amino acids of the minimal membrane anchor domain of Lck and enhanced GFP to label membrane lipid rafts, was produced as previously described. 20 Antibodies and reagents used for cell staining. The following antibodies were used for short-term stimulation experiments: anti-CD3 (TR66) 43 or anti-Fas (CH-11, Upstate, Temecula, CA, USA), at final concentrations, respectively, of 10 or 0.5 mg/ml, unless otherwise stated.
Antibodies used for western blot analysis included anti-caspase-8 (BD Pharmingen), anti-BID (R&D Systems, Minneapolis, MN, USA), anti-ICAD (Santa Cruz Biotechnology, Santa Cruz, CA, USA), and goat-anti-mouse, and donkeyanti-goat immunoglobulin conjugated to horseradish-peroxidase (Jackson Immunoresearch, West Grove, PA, USA).
Caspase-8-specific assay kits containing substrates for active caspase-8 were either FAM-LETD-fmk (Image-iT s LIVE Green Caspase-8 Detection Kit, Invitrogen, Carlsbad, CA, USA; l Ex ¼ 488 nm, l Em ¼ 530 nm), or rhodamine-IETD-fmk (EMD, San Diego, CA, USA; l Ex ¼ 540 nm, l Em ¼ 570 nm). The pan-caspase inhibitor benzyloxycarbonyl-valine-alanine-aspartic acid-fmk (MP Biomedicals, Aurora, OH, USA) was used as a competitive inhibitor for negative control staining.
Nuclear counterstaining was achieved by incubation with 1 mM Hoechst 33342 (l Ex ¼ 350 nm, l Em ¼ 461 nm; Invitrogen). A secondary goat-anti-mouse Alexa Fluor 633 antibody (Invitrogen; l Ex ¼ 632 nm, l Em ¼ 647 nm) was chosen for detection of surface-bound stimulating antibodies where indicated.
Caspase activity assays. A luminescence-based assay was used to determine the activity of caspase-8 (Caspase-Glo 8 Assay, Promega, Madison, WI, USA), whereas the activity of the effector caspases-3 and -7 were measured with a fluorescence-based assay (Apo-One Homogeneous Caspase-3/7 Assay, Promega). Assays were performed according to the manufacturer's recommendations.
DNA strand breaks by TUNEL assay. To assess the extent of apoptosis, TUNEL was performed using fluorescein isothiocyanate (FITC)-dUTP (Roche Diagnostics, Mannheim, Germany). Briefly, single-cell suspensions were first stimulated for 90 min with antibodies to CD3 or Fas, and then washed twice with cold PBS. Cells were then fixed with fresh 1% formaldehyde (Ted Pella, Redding, CA, USA), and after twice washing, permeabilized with ice-cold 70% ethanol. DNA strand break labeling was achieved by incubation at 371C in labeling mix (1 Â TdT buffer, 2.5 mM CoCl 2 , 1 U TdT (Roche Diagnostics), and 0.1 nM FITC-dUTP). Cells were washed twice in cold PBS/BSA and stored in PBS/BSA/1% formaldehyde until analyzed on a BD LSRII flow cytometer (BD Bioscience).
Lipid raft and cytosolic fraction isolation. Isolation of lipid raft and cytosolic fractions was achieved by ultracentrifugation over a discontinuous sucrose density gradient as previously described. 17, 44 Before lysis, cells were incubated with biotin-VAD-fmk (MP Biomedicals) at 371C for 15 min to label active caspases. After centrifugation, the lipid raft and cytosolic fractions were partly used for immunoblot analysis, and the remainder subjected to precipitation of the active caspases using avidin-sepharose (Zymed, San Francisco, CA, USA) followed by immunoblotting for caspase-8 as previously reported. 17 Densitometry of immunoblots was performed using a Fluor-S MultiImager System with Quantity One software (Bio-Rad, Hercules, CA, USA).
Cell staining and CLSM. Jurkat cells were stimulated either with soluble anti-CD3 (TR66, 10 mg/ml) or anti-Fas (CH11, 0.5 mg/ml) antibodies for 30 and 90 min, unless stated otherwise in Supplementary Figures S1 and S2 . At the indicated time points, cells were washed twice with cold PBS, and transferred to coverslips previously coated with poly-L-lysine (Sigma, St. Louis, MO, USA) to facilitate adherence, and fixed with 3.5% fresh paraformaldehyde. Finally, cells were mounted (three-color analysis) on glass slides with Aquamount (Polysciences, Warrington, PA, USA). In the case of four-color analysis, prior to mounting, cells were blocked with 5% BSA (Sigma) in PBS for 60 min, and then stained for 60 min with a secondary antibody to detect the stimulating anti-CD3 or anti-Fas antibodies bound to the cell surface.
Stained cell samples were imaged with a LSM 510 Meta confocal scanning laser microscope (Zeiss, Goettingen, Germany; 405 nm diode, 488 nm Argon, 543 and 633 nm Helium-Neon excitation wavelengths), attached to an Axiovert 200M inverted light microscope (Zeiss) using a 63 Â oil immersion lens (numerical aperture 1.4). Individual images were analyzed either separately, or stacks of individual images were used for colocalization and three-dimensional reconstitution studies using LSM 5 (Zeiss) or Volocity software (Improvision, Waltham, MA, USA).
For two-color analysis, stacks of images with a total thickness of approximately 15 mm were acquired at 1 mm intervals, using a dynamic range of 8 bit per pixel (256 gray levels) to reduce data size. Orthogonal projections for all conditions were composed by overlaying 10-12 images, viewed along the z axis as indicated by the blue lines in the xz plane (small top panel in Figure 1d , h and l) and the yz plane (small right panel in Figure 1d, h and l) .
Three-or four-color confocal images were acquired as an image stack of optical slices along the z axis. For these studies it was necessary to replace the previously used caspase-8 reporter FAM-LETD-fmk by the substrate rhodamine-IETD-fmk for two reasons. First, FAM as a fluorescein derivate is susceptible for photo bleaching, diminishing its value as a reporter for spatial resolutions when more complex stacks of cells are acquired, which requires multiple scans. Second and more importantly, due to their spectral similarities, FAM and GFP emissions cannot be discriminated by conventional CLSM. For multicolor microscopy the dynamic range was increased to 12 bit per pixel (4096 gray levels). Sequential frames were set to overlap 1/2 thicknesses, and slice thickness was reduced to 0.3 mm, resulting in approximately 50 individual images per stack. Reprocessing of images allowed three-dimensional reconstruction and colocalization studies of cells.
Live imaging was performed using a CTI Controller/Tempcontrol 37 Incubation System (PeCon GmbH, Erbach, Germany), which allowed monitoring of cells under environmental culture condition during the course of data acquisition.
Colocalization expressed as a correlation coefficient indicates the strength and direction of the linear relationship between two fluorescence channels. Pearson's linear correlation coefficient (r P ) was used in this study to calculate fluorescence channel correlations: Colocalization in the context of fluorescence microscopy is defined as the signal detection of two separated fluorescence channels at the same voxel location (i.e., three-dimensional pixel). Threshold settings were generated automatically from regions of interest. Colocalization coefficients were calculated according to published methodology 29 Values of colocalization coefficients range between 0 and 1. A value of 0 indicates that none of the signal within thresholds in that channel exists as colocalized with the other channel. A value of 1 indicates that the entire signal within thresholds in that channel exists as colocalized with the other channel. Two perfectly colocalized images will generate a scatter plot where the points fall in a line at 451 to either axis.
